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@ Method for preparing saccharide polyesters by transesterrfication. 

® fr^HJ^r^ methoc ? for . the P re P arati °n oi saccharide fatty acid polyesters via an intermolecular 
transestenfication reaction is provided. A saccharide lower ac^l ester (for example "cSTXS 

aiKaii metal alkoxide catalyst to produce a sacchande fatty acid polyester. The reaction is carried out at 

es^ " *? ab ~ °' SO,vent ' The *«4 "ow ^ec^JSgT^tSSi 

removed . from the react,on m,xtur e during the course of the reaction in order to drive the 
equ.hbnum transestenfication reaction to completion. The saccharide fatty acid polyesters are Si at 
fat substitutes or low-calorie fats in food compositions. pwyewera are useiui as 
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EP 0 647 652 A2 

FIELD OF THE INVENTION 

This invention provides an improved method for the preparation of saccharid fatty acid polyesters, es- 
pecially sucrose fatty acid polyesters, via an intermolecular transesterif ication reaction of the acyl ester or hy- 

5 droxyl groups of a saccharide with a fatty acid ester or esters. The improved method of this invention essentially 
eliminates or reduces the hazards ( i.e. , fire or explosion) associated with the use of molten alkali metal catalysts 
in the prior one-step, solvent-free transesterif ication reaction methods used for the production of saccharide 
fatty acid polyesters. Additionally, the improved method of this invention provides for more rapid conversion 
to the desired products and provides products having better (i.e. , lighter) color characteristics. The sucrose 

10 fatty acid polyesters produced by the improved method of this invention are especially useful as fat substitutes 
in food applications and products. 

BACKGROUND OF THE INVENTION 

15 The human consumption of fats in various foodstuffs contributes significantly to obesity. High fat diets 

also contribute to various human diseases such as heart and coronary diseases. One method of reducing obe- 
sity and/or diseases such as heart and coronary diseases in the human population is to reduce the consumption 
of fat. In recent years, fat substitutes or low-calorie fats have attracted increasing attention as a method of 
reducing the fat and calorie content of foodstuffs. The objective is to provide edible fats with reduced absorption 

20 and digestive properties with minimal side effects and with acceptable taste and feel characteristics when in- 
corporated into food compositions. 

Transesterif ication reactions have been used to prepare saccharide polyesters with reduced absorption 
and digestive properties. Such transesterif ication reactions generally required high temperatures and/or toxic 
solvents (such as dimethylacetamide, dimethylformamide, dimethylsulfoxide, and the like) and were not, there- 

25 fore, generally suitable for the preparation of fat substitutes for use in food applications. 

More recently, Meyer et al., U.S. Patent 4,840,815 (issued June 20, 1989), and Meyer et al., PCT Public- 
ation WO 92/0360 (published March 5, 1992), provided a one-stage, solvent-free, low-temperature, low-pres- 
sure process for the preparation of saccharide fatty acid polyesters. The Meyer et al. process involves reacting 
a mixture of a lower acyl ester saccharide, a fatty acid lower alkyl ester, and an alkali metal catalyst at a reaction 

30 temperature of 100° to 125°C while drawing a vacuum of less than about 15 torr (about 20 millibar) over the 
reaction mixture. The saccharide fatty acid polyesters are reported to be formed via a transesterif ication re- 
action whereby at least a portion of the lower acyl ester groups on the starting saccharide are replaced with 
the fatty acid groups from the fatty acid lower alkyl ester. The transesterif ication catalysts employed were alkali 
metals, with sodium and potassium metals the most preferred. At the reaction temperature, the alkali metal 

35 catalysts were molten. 

In addition to the transesterif ication catalysts used by Meyer et al. (i.e. , elemental alkali metals), other ba- 
sic transesterif ication catalysts are known for the preparation of saccharide fatty acid esters from the sac- 
charides. Such basic transesterif ication catalysts include alkali metal carbonates, alkali metal hydroxides, and 
alkali metal alkoxides. None of the just-mentioned catalysts have been used in the Meyer et al. method. 

40 Yamamoto et al., U.S. Patent 4,611 ,055 (issued September 9, 1986), report that the alkali metal carbonate 

and alkali metal hydroxide catalysts generally provide higher yields than the alkali metal alkoxide catalysts. 
Volpenhein, U.S. Patent 4,517,360 (issued May 14, 1985), reports that the alkali metal carbonate catalysts 
provide increased yields and shorter reaction times than the alkali metal hydroxide and alkali metal alkoxide 
catalysts. These basic transesterif ication catalysts ( i.e. , alkali metal carbonates, hydroxides, and alkoxides) 

45 generally require higher reaction temperatures (on the order of 1 80°C) than the alkali metal catalysts of Meyer 
et al. Moreover, the transesterification methods and catalysts of Yamamoto et al. and Volpenhein generally 
require a fatty acid metal soap to insure a homogeneous reaction mixture. Such fatty acid metal soaps are 
not used or required in the Meyer et al. method. Mieth et al.. DD-A-227137 (laid open September 11, 1985), 
provides a method for preparing polyokester mixtures suitable for use as fat substitutes whereby saccharides 

50 are esterif ied or transesterif ied with short-chain carboxylic acid derivatives in the presence of a catalyst and 
then reacted with triglycerides having long- chain carboxylic acid derivatives ( i.e. , pig grease or hard rape fat) 
at a temperature of 120 to 140°C. The polyok ster mixtures so produced can be subjected to further transes- 
terification reactions at 100 t 120°C using long-chain carboxylic acids or their esters as reagents. The cata- 
lysts used by Mieth etal. include phosphorous acid, alkali metals, alkali alkylates, and alkali salts of weak acids. 

55 Based on the prior art, it was surprising to discover, as explained in the present application, that alkali metal 

alkoxides can be used as catalysts for the preparation of saccharide fatty acid polyest rs, especially sucrose 
fatty acid polyesters, using the g neral procedure of Meyer et al. (i.e. , lower reaction temperatures without add- 
ed fatty acid metal soaps). Moreover, it was even more surprising to discover that alkal i metal alkoxide catalysts 
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SUMMARY OF THE INVENTION 



pecilltsucro^ l^? t0 imPr ° Ved melhod f ° r pfeparin 9 ^ccharide fatty acid polyesters es- 
DoSer^J h k ?h Pr ° dUCtS haVi ° 9 be " er ^ ,i9h,er > color Characteristics. The sucrose fatty acid 

SSXSSS? ,mproved method - ,his inven,lon are especia,,y useful as fa » 

f«t. The j" 1proved P rocess of the Present invention involves the reaction of a lower acyl ester saccharide » 
T£tZZ?sTZ eb)f VET ° f '° Wer ^ 6Ster 9r ° Ups ° f < he saccharide are e^c ively?: 
a^ferab v f ^^fr'' be treated * ~ or significantly reduce mois'ture. The cLta,ys s 
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( RC ( -O ) OCH 2 > . < RC ( -O > O ) „X * R ' COOR ' ' - ff 5 f ^ f.\ > 



(R'C(»0)OCH 2 ).(R'C(-0)0).X + (RCOOR' ' ) t 
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where RC(=0)- represents a lower acyl group where R is an alkyl group having less than 6 carbon *tnm* y 
raS o ™f f T u 6r 9f ° UPS ° n the secondar V «"*»ns of the saccharide backbone R' is a satu- 
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r^fnn " 0 ,T J a0d te 3 "° OCR ' 9r0up - The b yP^uct methyl acetate is removed from the re- 

^IS^SZZ equi,ibrium to the ri9ht hand side of the equation and towards torma,io " - *° - 

In another embodiment of the present invention, the fatty acid lower alky) ester (or mixture of fatty acid 

1^2 »? f ■ 3 ° f ' OWer aCy ' CSter saccharioe - Af t« the lower acyl ester saccharide 

oo^esS ,he h ', eaCt,0n ' S C °" t,nU : d 9t ab ° Ut 95 ° 10 125 ° C for 3 ,ime sufficie "' to form the saccharide fatty acid 

TIT* ' ! ? rem °r 9 re ' atiVe,y ' OW m0leCU,ar Wei9ht " n0n - fa "y «cid-containing lower a.kyl ester by- 
product from the reaction mixture. y 

comprising^ 601 " ^ Pr6Sent inVenti °" * t0 pr ° V,de 3 method for makin 9 a saccharide fatty acid polyester 

(1) esterifying hydroxyl groups of a saccharide to form a lower acyl ester saccharide 

SL'TS If Wer 3Cyl 6Ster Saccharide to reduce the ,evel of free organic acid'therein to less than 
about 0.25 weight percent; 

(3) mixing the treated lower acyl ester saccharide, a fatty acid lower alkyl ester, and an alkali metal alkoxide 
catalyst under essent.ally anhydrous conditions to form a reaction mixture- and 

2£S!?h he T*!? m ^ Ufe t0 ab ° Ut t0 1 250C • Whi ' e rem ° Ving a non - fatt y acid-containing lower 
ester by - product f rom the react,on mixture > «* * «^ sufficient to form the saccharide fatty acfd poly- 

comp'risTng 6 ' ° bjeCt " ** Pr6Sent inVent '° n * * Pr ° Vide * ** m ^ 3 sacchari ^ ^cid polyester 

(1) mixing a lower acyl ester saccharide, a fatty acid lower a.kyl ester, and an alkali metal alkoxide cata.yst 
under essent.ally anhydrous conditions to form a reaction mixture, wherein the lower acyl ester saccharide 
has less than about 0.25 weight percent free organic acid; and 

in! t ! eat ; nfl K the reaCtio " mixlure to about 95 ° to 1 25°C while removing a non-fatty acid-containing lower 
eLter 6 Dy - pr ° duCt f r ° m the reaction mixture ' for a time to form the saccharide fatty acfd My- 

comSg: r ° bieCtf0rthe ' menti ° n '* to Pr ° Vide 3 method for maki "9 a saccharide fatty acid polyester 

(1) mixing a fatty acid lower alkyl ester and an alkali metal alkoxide catalyst under essentially anhydrous 
conditions to form a first reaction mixture; y dnnyarous 

(2) heating the first reaction mixture to about 50° to 125°C; 

(3) adding an essentially anhydrous lower acyl ester saccharide having less than about0.25 weight percent 
tZlZT™^ * J 0 f ifSt reaCti °" miXtUfe fr ° m Step (2 > to form a second rea <*°n fixture; and 
l~ I \l ? ? T T*™ mfXtUre 10 ab ° Ut 950 tQ 1 25 ° C ' While removina a non - fa »y acid-containing 
fZ7a^ P 7^ P S 00 " d reaCti0 " miXtUre> f ° r 3 time Suf ficient to iorm tne saccharida 

estef comprising 0 ^ 601 * PreS6nt inVenti °" * Pr ° Vide 3 me,h ° d ^ making 3 saccharide ^tty acid poly- 
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to form , reaction U and """" me,al a """" is c " w >« ""*» """My »nhyd,o us conditions 
(2) heating the reaction mixture to about 95° to i?^°r = t; ■ 

acid polyester, whi.e removing a non fa"tv acid H • , 8 ""^ l ° form the sa ^"aride fatty 

mixture by inert gas stripping ' 3C,d - COnta,n,n 9 lower alk V ester by-product from the reaction 

DESCRIPTION OF THE PREF ERRED EMBODIMENTS 

acCl^ '-P-ed method for the preparation of saccharide fatty 

thesis whereby a lower ^^^ST^^*!^ PTOVides a ^Ivent-f ree. single-step syn 
anhydrous conditions in ^ZToTan^i^tL^ 77 ^ ^ re3Cted under esse - ia 'V 
A. the reaction temperature the reactanU w.WI LnS ^ ? ^ 31 3 tem P erature °» a »>out 95- to 125°C 

scr^TMey^t of the genera, method de- 

scribed in Linstead et a... J. Amer. Chem Soc 6 " £m T^'" 9 ^ Wter is de- 

of formu.a RC(=0)- where ~ R is an «llS^^ S^3^r " fe me3nt 3n 3Cy ' ^ 

can be represented by the genera, formu.a SSSmS^SZ TZ » ^ Saccha ' ides 

than six carbon atoms, n is the number of orimarv V ^ ^ R ' S 30 a ' kyl 9roup havin 9 less 
groups, m is the number of seoonZT^Zlt^ 7 Z ? " och,rtto backbo - having ester 
genera,.y represents the saccharide XSKL Pn™ o use inTh* ^ " ter 9r ° Ups ' and * 

should be treated to significantly reduce tnT moitu- > . '"vent,on, the lower acyl ester saccharide 
free organic acid content of the tow« acy. esteTsacch Jh h m ^ C ° ntent Genera »y «- 
Percent, more preferab.y to less Z, about 0 w ght pe^nt" no mosTT T ^ ^ ^ 
we,ght percent. Conventional methods to remove rn^st^d f orT' * T"* * ' eSS tha " ab ° ut 0 05 
technique whereby water and free organic srtds mTJZIh 9 , 3C ' dS C3 ° be USed - ° ne P^""* 

The saccharide starting materials^ " ™* **" '* dryi " 9 - 

higher po.ysaccharides. Suitable ^ f "* ^"^arides, disaccharides. and 

rhamnose, xylulose, xylose ribose a^ T rUCt ° Se - 9 ' UC0Se ' galactose, mannose. ribulose 
- charide include me.ibiosejactose malse su^e ^ " ** T"" " ™"° sa «*- d - Suitab.e disac-' 
accharide. Suitable »Wpo^^7JSiS^^S^" , , Ce "° biOSe: SUCrOSe iS ,he prefe " ed *- 
of galactose, mannose. glucose ^n fructose ZTZJl ^ ^'^V lacto -- '^saccharides 

'ans. g.ycogen. cellulose amylose, agaro^^^ —W-*.. corn syrup solids, zy- 

is the most preferred starting saccharide 9a,3C,3nS ' 3 " d mannans - Sucrase - a non-reducing disaccharide. 

terif ication can be carried oTas a s^ate^ep or Jan bT t "'^ COnventional meth °*. This initial es- 
tion. Non-reducing saccharides i^^^T^J^^ T • ^ Pr ° CeSS ° f the PreSent inve "- 
ides. Reducing saccharides (having a hydrZ orouo a.oh^ r .k' 6 ?"' inl ° the '° Wer aCy ' ester sacch ^ 
» non-reducing fom, prior to the initiafestenSon Icton Irs" ^ I"** 9 ** ™ St firSt be ^ to a 
tional means. For example, a redulg sTcxSride ^ h M ™ 5rS '° n 030 be camed "sing conven- 
with an alcohol to form .glycoside Suitebte f 6d t£> 3 non - reduci "9 saccharide by reaction 

saccharides include, for exampTa.M Icoh I 7 T^'" 9 ^ red " Cin9 sa «= ba ^es to non-reducing 
hois, h teroalky, alcohols, ^Jy^T^^"' T* 3,C ° h0,S - ^ a,coho,s - alka ^' ^ 
« ferred a.cohols are alkyl a.coho rin^n^ 1 to 6 ^ ^r' 00 ^ 3 inc,udi "9 s"9ar alcohols. Pre- 

ferred. Thus, the reducing sacchaSe g luco'l In Te conveZto heTo ^ ethan °' ^ m ° St p - 
acfon with methanol in the presence of HCI wh? reb \ ,Z £Z . no ?- raduc,n 9 methyl glucoside by re- 
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the normal manner to form the lower acyl ester saccharides. 

Both naturally-occurring non-reducing saccharides and non-reducing saccharides oreoared from r^ri™ 
saccharides are employed in the same manner in the present invention. At Um^^TJZ^SZ 

ent .nventoon Preferably, all available hydroxyl groups in the saccharide are converted to ester qrouos 
i P : efe ^'r er acyl este ' saccharides are derived from sucrose and have eight ester grouoTofThe nenen,. 
formula -OOCR. where R is an aliphatic group containing from 1 to 6 carbon atoms attacheo to the su^J 
backbone ,n place of the hydroxy group, The most preferred .ower acyl ester ~c£SZZ^£Z£ 

The fatty acid lower alkyl esters employed in the present invention are of general formula RCOOR" wh^ 
R -s a saturated or unsaturated a.ipha.ic group generally containing from 3 to about 24 ^bon atoms and R"^ 
a lower alkyl group having from 1 to about 6 carbon atoms. Preferably R' is a lonq chain Sur^H nr , 
rated aliphatic group containing between about 8 to 24 carbon atoms M^preferabt R' a ^ h 
rated orunsaturated aliphatic group containing between about 1 2 to 22ca^^^^^ 
Thefattyacid lower alky.esters are Preferably derived from me correfpond^ 
fatty acds for forming the fatty acid lower alky, esters indude butyric, caproic. capryS^^^^^ 

Zfc Sr a ' mitiC - Pa,mft0leiC ' SteariC ' ° ,eiC ' riCinoleic ' ,in0leic ' oleosteric . a -chid y ic jSZTe ^ZcU 
dome, and hgnocenc acds. Generally fatty acids containing between about 14 and 18 carbon atomTa rt nrl" 

Z T:ir ^ r 31 reaCti ° n te "* erature «• *• corresponding Sty a*oSL 2 
formed therefrom have minima, volatility at the reaction temperature and conditions employed tn the esterifT 
ca on reaction. Pure fatty acids or natura.ly-occurring fats and oils (such as. for example found n soybean' 
saf lower, corn, peanut, and cottonseed oils) can be used. Partially hydrogenated naturaVfats and oiiZTnZ' 

^ZT d for use in this invention - The fatly acids ran be <° «ne 

a k v esters U r 9 h COnVe T ,0n !' meth ° dS - B ° th Sin9le f3tty acW ,OWer alk " estere or mixtures of fa t y add owe 
a kyl esters may be employed in the present invention. Preferred fatty acid lower alkyl esters delude rZ7Z 

T^TLTfT T palmitate - methy * ,aurate - methyl ,ino,eate - and -^tSs the^r 6 methyl 

Generally, the fatty ac.d lower alkyl esters and the lower acyl ester saccharide are present in the ^; nn 

Td i of ,a he a d ° of a ; ,ea r about 4 to 1 and preferab,y - ™ iar °< ^ ™ T to ?: n *7 5 

to 1. Of course, the des.red molar ratio will vary with different lower acyl ester saccharides because o til 

thl f«tt OU ";^ r ° f eSter 9r ° UPS PrSSent M ° re P- fe -b.y, the amounts of the lower acyfester 3^haride a ^d 
the fatty acd lower alkyl esters in the reaction mixture are adjusted so that the molaV ratto oT!S ft?, t 
ower alky, esters to the lower acy, ester saccharide is about equal to the 

the .ower acy. ester saccharide. For examp.e. when using sucrose octaacetate (w!th M avlilab e III r 

be about 8 to 1 (m^, approximately one fatty acid lower alkyl ester molecule for each available ester nm.,7 Z 
the sacchar.de). Lower or higher molar ratios can be used if desired within the S^S^SSS 

The catalysts employed in the present invention are the alkali metal alkoxides The sodh.m *nH - 

ta ssrjr r era :: y preferred - preferred cata,ysts p°^™^£^™^^z 

To leu^^ S ° dtUm t ^°^ P° tassi - ""toxide. and sodium t-butoxide. Mixture To^teTysts ' w 
also be used. Sodium methox.de is generally most preferred in the practice of the present invention Tut ST 
alyst .s generally used in an amount less than about 5 weight percent and pml^S^^^.i^JV 
to 2.5 werght percent For the highest product yields, the catalyst should be freshly prepared 

The reaction mixture formed from the basic starting materials (lower acyl ester saccharide' fattvariH >^ r 
alkyl ester, and alkali meta, alkoxide) should be essentially anhydrous. Ad*^^SS£2 " t 2 \T 
acy. ester saccharide shou.d be essentially free of organic acid, The JSS^^^S^Z 
essentially anhydrous conditions. Conventional means can be used to insure the epu^d SsentiaNv Til 

tZlZTTlT* conditions - For examp,e - reactants can be — dried i^«SS3SS 

ana See oln c ^ S3CCharide be ,reeze dried to -move bl wTt" 

IThL I TJ 6 reaCt, ° n aPParatUS Ca " be dried by f,ushin 9 d «ed, inert gases. 
In one embodiment, the reactants (loweracyl ester saccharide, fatty acid lower alkyl ester and alkali m*»»i 
alkoxide) are m.xed in a reaction vessel and then heated to the reaction temper^e^ 

Z es^T^T^ 0 " P, ° CeedSl the re ' atiVe,y ,OW m ° ,eCU,ar non-fany acid !ol Z? 0 2 

OS.,, 3 r V " P 01 ,S rem ° Ved l ° dHve the e ^ ilibnum transesterification to completion Preferably ?he bv 
product ester ,s removed by vacuum techniques or by inert gas stripping or sparging V V " 

In another embodiment, only the fatty acid lower alkyl ester and the alkali metal alkoxide are initial*, 
m the reaction vessel and then heated to an elevated temperature (about t^SS^SSST^ 
e,evatedtemperatureforare,ative,yshomime(general.yaboutonJharftoonehoS 
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char.de is added and the reaction is continued at the reaction temperature of about 95° to 125°C As the trans 
ester.f .cation reaction proceeds, the relatively low molecular weight, non-fatty acid-containing lower alkyl ester 
by-product ,s removed to drive the equilibrium transesterif ication to completion. Preferably the by-product is 
removed by vacuum techniques or inert gas stripping or sparging 

rh ar E H XCePl ! h fK° rdef ° f additi ° n °' the reaCtantS and ,he initial reaction time without ^y lower acyl sac- 
™nl ?k!k ° J us, - mentioned Processes or embodiments are carried out in essentially the same 

manner with the same reactants and reaction conditions. Preferably the transesterif ication reactions of this 
invention are carried out in batch or semi-batch process. 

*.„ J" 3 "" another embodiment, an alkaline earth hydride co-catalyst or an alkali metal hypophosphite co-cat- 
alys ,s used ,n combmation with the alkali meta. alkoxide catalyst. The use of such alkaline earth hydnS co- 
cata.ys genera y provides a lighter colored polyester product The use of such alkali meta. hypophosphite co- 

afvs Hf, 9 r nera ; y H T eS ,?' 9her yiCld ° f thC P ° lyeSter Pr ° duCL The preferred a,kalina earth hydride co-cS- 
feS, ! ST T, Preferred alk8,i meta ' h *P°P"osphite co-catalyst is sodium hypophosphite Pre- 

ferably he co-catalysts are used in conjunct™ with the preferred sodium methoxide catalys^n used the 

5^5? .' S fT V I" ° f ab ° Ut 0 ' 1 10 ab ° Ut 25 W6i9ht percent 11 is als ° Senerally preferred'that 
orocldui? y ' " iS add6d Pri ° r 10 thG a,kaH meta ' a,kOXide Otherwise, the reactions and 

procedures are generally carried out in a manner similar to those used with the alkali metal alkoxide alone 

As noted above, the relatively low molecular weight, non-fatty acid-containing lower alkyl ester by-product 
-s removed (preferably continuously) during the transesterification reaction to drive the equil briuj .owtds 
the desired saccharide fatty acid polyester. Preferably, the reactants are selected so that the Tow 

"cSe tT2 « "T' aCid " COntaini "9 ,owe ' «* by-product (such as methyl acetate) is re.at vely 
volatile and, thus, can be removed relatively easily from the reaction mixture 

One Preferred method of removing the by-product ester is to continuously draw a vacuum over the reaction 
mixture. Another preferred method of removing the by-product ester is inert gas stripping or sparging; 

rt Ss'wh? n ' lr09en> ar9 ° n ' 3nd ' ike - VaCUUm teChniqUeS - hOWever ' Provide higher 

uct yields. When using vacuum to remove the by-product ester, it is generally preferred that the pressure is 

^ss than about 500 mm Hg (about 667 millibar), preferably less than about 250 mm Hg (abou 333 m Zart 

TabouM 3^ e aM Wh" " " ^ 2 ° ^ ,6SS tha " ^ < ™ Hg' 

(about 1.33 millibar). When using inert gas stripping, the pressure can be at atmospheric pressure as well as 

stlT'r atm ° SpheriC Pressure - Most Pre^ably, the reaction is run under an inert reduced-pressure 

Si t n hi7,h en ° r 'w 3 VaCUUm ' OWer than ab ° Ut 1 mm HS < abOUt 1 33 mil,iba r)" « « elso general.; 

preferred that the vacuum and inert atmosphere be initiated before the reactants are heated to the desired 

25»c° n o ITZTT ^"r"^ ^ n ° ted ab ° Ve ' reaCti ° n ^-ature is in the range of about 95^ 
i^o c, preferably, the reaction temperature is in the range of about 105° to 115°C 

charLe^tv^ 8 TT^ COnversion of the ,owe r acyl ester saccharide to the desired sac- 

99 olrLn V P V f T T ° CCUrred - Genera " y 3 reaCti ° n time ° f about four hou rs will result in a 80 to 
99 percent conversion to the desired product. Once the transesterification reaction is completed, the reaction 
mixture ,s al.owed to coo. and the saccharide fatty acid polyester is co.lected and. if desfred. purified cZ 
traS^noT °" teChniqUeSCan be USed - » is 9 a -ra..y preferred that the reaction mixture is £, neu- 
wlh act^ 9 ; k • aCe,,C 3Cid)> diSS0 ' Ved in 30 ° r9aniC SOlvent < for exam P |e - "exane). and treated 

" f rem ° V,n9 any added °r organic solvents, the desired saccharide fatty acid polyester can 

be obta.ned using conventional techniques included, but not limited to. molecular or short-path distillation 
i™ Ti f K' Saccharide fatt y acid Polyesters produced by this invention are useful as fat substitutes or 

esTeShaTe Sh Pref6rred ^ eSSentia " y ° f the eSler 9roups in the saccnarida acid poly- 

esters have fatty acd derrved groups. The saccharide fatty acid polyesters of the present invention are LI 

caridTJH^ 

7 P V !f T TS , bS b ' ended ° r incorporated '»*» food compositions to reduce the overa.. cai- 
ationlTh! °I Prepa : ed f0Od producL semi-solid, or solid saccharide fatty acid polyesters (or combin- 

ations thereof) may be employed as fat substitutes. The solid saccharide fatty acid polyesters (i e meltino 

Sot^o^ 

cif i J h ^h 0 " 0Win9 !, XamPleS Pr ° Vided l ° illuStrate the inv ntion and not to limit th e invention. Unless sp - 
cif .ed otherwise, all percentages given in this sp cif ication are by weight. 

Example 1. 

A reaction vessel was flushed with dry nitrogen gas for approximately ten minut s prior to the introduction 
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tllrL T 6thyl Stear3,e (29 85 9; °- 1 moles) and me,h y' oleate (29-65 g; 0.1 moles) were added and 
s .rred under vacuum at 50°C for one-half hour. Sucrose octaacetate (16.97 g 0 025 moS)3 added anS 
st.rr.ng was continued at 50»C under vacuum for one-half hour. Sodium methoxide (1 52 c we.oh ^ n 
was then added. The molar ratio of fatty acid me.hy. esters to sucrose ocTaacSat was about 8 to M ^ 
tants were essentially anhydrous; the sucrose octaacetate was freeze driPri rSl! 7 J 
residua, moisture and free acetic acid. While drawing TZZ^Z^^^oT^^ 

Z*"£ W6re ,0 ab ° Ut 11 °° C t0 f ° rm 3 Aeneous reaction mixture. Mu£^S£3£ 

the reaction m.xture began to bubble indicating that the reaction by-product was beino Z ri ThT ! 

^mSh T ne ?: i9ht brown roior - The reaction was c ° nti - 

uct methyl acetate was continuously removed. The cooled product was washed with Z»« . In7 , >l , 

^ttSSSZ^VT 3 9 ^ SaCCharide f3,ty P ° ,yeSter - Thi " ^ o^atogra^LC^^ 
that the transestenf.cat.on react.on was essentiaMy complete with neg.igib.e residua, starting rnateSs rtma.^ 

The yield of the desired saccharide fatty acid polyester was 85 percent as determine f mm hi^h * 
Example 2 . 

Example 3. 



of fa ty acd methyl esters to sucrose octaacetate was about 8 to 1. Sodium methoxide f28 73 a- 3 1 nht ™ 

(067 ss? - r : he r ction mixture was hea,ed ,o 11 °° C svZ72:f:^ofi s 

dri'L ? S ' X UrS - A " re3CtantS W6re eSSen,ia " y a "Mrous : the sucrose octaacTtate wasTLze 

as!n Examri e STTS T^' m ° iStUre and f ~ ^ add The Polyesters co Sed 

as ,n Example 1. The y.eld of the sucrose polyester was about 82 percent as determined by HPLC 

50 Example 4 . 

of th^^ r ? a PP-i-te,y ten minut s prior to the introduction 

stirred at S^^SJ^f? » 9 " S) a " d methyl ° leate (2965 9= 0.1 moles) were added and 

55 nl S t n ? 9 m f ' bar) 3t 5 °° C W,,h nitr ° 9en 9as s P ar 9 in 9 for °"^half hour. Sucrose octaacetate 

i ne mo ar ratio of fatty aad methyl esters to sucrose octaacetate was about 8 to 1 Sodium methoxiri* m « 
9: 2 weigh, perC ent) was added. The reaction mixture was stirred and heated to 11(£c * 233 1 t, «5 
m,„bar) for about five hours with continuous nitrogen gas sparging to remo^ the b^producfme^ 222 
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All reactants were essentially anhydrous; the sucrose octaacetate was freeze dried prior to use to remove re- 
sidual moisture and free acetic acid. The yield of the sucrose polyester was about 78 percent as determined 
by HPLC. 

Example 5 . 

Areaction vessel was flushed with dry nitrogen gas for approximately ten minutes prior to the introduction 
of the reactants. Methyl stearate (29.85 g; 0.1 moles) and methyl oleate (29.65 g; 0.1 moles) were added and 
st.rred at 50°C and atmospheric pressure with nitrogen gas sparging for one-half hour. Sucrose octaacetate 
(16.97 g; 0.025 moles) was then added and stirred under the same conditions for an additional one-half hour 
The molar ratio of fatty acid methyl esters to sucrose octaacetate was about 8 to 1. Sodium methoxide (1 53 
g; 2 weight percent) was added. The reaction mixture was stirred and heated to 110°C at atmospheric pressure 
for about four hours with continuous nitrogen gas sparging to remove the by-product ester. All reactants were 
essentially anhydrous; the sucrose octaacetate was freeze dried prior to use to remove residual moisture and 
free acetic acid. The yield of the sucrose polyester was about 62 percent as determined by HPLC. 

Example 6 . 

Areaction vessel was flushed with dry nitrogen gas for approximately ten minutes prior to the introduction 
of the reactants. Methyl stearate (29.85 g; 0.1 moles) and methyl oleate (29.65 g; 0.1 moles) were added and 
stirred at 50»C with nitrogen gas sparging under a vacuum of about 0.5 mm Hg (about 0.67 millibar) for one- 
half hour. Sucrose octaacetate (16.97 g; 0.025 moles) was then added and stirred under the same conditions 
for an additional one-half hour. The molar ratio of fatty acid methyl esters to sucrose octaacetate was about 8 
to 1 . Calcium hydride (0.38 g; 0.5 weight percent) was added and the reaction was allowed to continue for about 
20 minutes at about 80°C and a pressure of about 1 mm Hg (about 1 .33 mill ibar). After about 20 minutes, sodium 
methoxide (1.15 g; 1.5 weight percent) was added. The reaction mixture was stirred and heated to 110°C at 
about 1 mm Hg pressure (about 1.33 millibar) for about four hours with continuous nitrogen gas sparging to 
remove the by-product ester. All reactants were essentially anhydrous; the sucrose octaacetate was freeze 
dned prior to use to remove residual moisture and free acetic acid. The yield of the sucrose polyesterwas about 
69 percent as determined by HPLC. The sucrose polyester product was significantly lighter in color than prod- 
ucts made under similar conditions using sodium methoxide catalyst without the calcium hydride co-catalyst. 

Example 7 . 

Areaction vessel was flushed with dry nitrogen gas for approximately ten minutes prior to the introduction 
of the reactants. Methyl stearate (29.85 g; 0.1 moles) and methyl oleate (29.65 g; 0.1 moles) were added and 
stirred at 50°C with nitrogen gas sparging under a vacuum of about 250 mm Hg (about 333 millibar) for one- 
half hour. Sucrose octaacetate (16.97 g; 0.025 moles) was then added and stirred under the same conditions 
for an additional one-half hour. The molar ratio of fatty acid methyl esters to sucrose octaacetate was about 8 
to 1. Sodium hypophosphite hydrate (NaH 2 P0 2 H 2 0; 0.62 g; 0.7g weight percent) was added and the reaction 
was heated to 110°C at pressure of about 250 mm Hg (about 333 millibar) for 4 hours. The reaction mixture 
was cooled to room temperature and stored under nitrogen overnight. The next morning, the reaction mixture 
was again heated to 110°C at a pressure of about 250 mm Hg (about 333 millibar) with nitrogen sparging So- 
dium methoxide (1.53 g; 2 weight percent) was then added and the reaction continued for 7 hours at 110»C 
and about 250 mm Hg pressure (about 333 millibar) with continuous nitrogen sparging. The sucrose octaace- 
tate was freeze dned prior to use to remove residual moisture and free acetic acid. The yield of the sucrose 
polyester was about 89.2 percent as determined by HPLC. The sucrose polyester product was a dark brown 
color. 



Claims 

1 . A method for making a saccharide fatty acid polyester comprising: 

(1) mixing a lower acyl ester saccharide, a fatty acid lower alkyl ester, and an alkali metal alkoxide cat- 
alyst under essentially anhydrous conditions to form a reaction mixture, wherein the lower acyl ester 
saccharide has I ss than about 0.25 weight percent free organic acid; and 

(2) heating the reaction mixture to about 95° to 125°C, while removing a non-fatty acid-containing lower 
alkyl ster by-product from the reaction mixture, for a time sufficient to form the saccharide fatty acid 
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polyester. 

2. A method according to claim 1, wherein the lower acyl ester saccharide is formed by esterifying hydroxyl 
groups of a saccharide to form the lower acyl ester saccharide and treating the lower acyl ester saccharide 

5 to reduce the level of free organic acid therein to less than about 0.25 weight percent; and wherein the 

reaction mixture is formed by mixing the treated lower acyl ester saccharide, a fatty acid lower alkyl ester, 
and an alkali metaJ alkoxide catalyst under essentially anhydrous conditions. 

3. A method according to claim 2, wherein the saccharide is sucrose. 

10 4. A method according to any one of claims 1 to 3, wherein a fatty acid lower alkyl ester and an alkali metal 
alkoxide catalyst are mixed under essentially anhydrous conditions to form a first reaction mixture; the 
first reaction mixture is heated to about 50°C to 125°C; an essentially anhydrous lower acyl ester sac- 
charide having less than about 0.25 weight percent free organic acid is added to the first reaction mixture 
to form a second reaction mixture; and the second reaction mixture is heated to about 95°C to 125°C, 
while removing a non-fatty acid-containing lower alkyl ester by-product from the second reaction mixture, 
for a time sufficient to form the saccharide fatty acid polyester. 



75 



20 



A method according to any one of claims 1 to 4, wherein the non-fatty acid-containing lower alkyl ester 
by-product is continuously removed from the reaction mixture by drawing a vacuum of less than about 
250 mm Hg (about 333 millibar) over the reaction mixture. 

6. A method according to claim 5, wherein the vacuum is less than about 1 5 mm Hg (about 20 millibar). 

7. A method according to anyone of claims 1 to 4, wherein the reaction mixture is contacted with a dry inert 
25 gas to assist in the removal of the non-fatty acid-containing lower alkyl by-product from the reaction mix- 
ture. 

8. A method according to any one of claims 1 to 4, wherein the non-fatty acid-containing lower alkyl ester 
by-product is removed from the reaction mixture by inert gas stripping. 

30 

9. A method according to any one of claims 1 to 4, wherein the non-fatty acid-containing lower alkyl ester 
by-product is continuously removed from the reaction mixture by sparging with a dry inert gas. 

10. A method according to any one of claims 1 to 9, wherein the catalyst is selected from the group consisting 
of sodium methoxide, potassium methoxide, sodium ethoxide, potassium ethoxide, sodium t-butox id e, and 
potassium t-butoxide. 

11. A method according to any one of claims 1 to 10, wherein the lower acyl ester saccharide is a lower acyl 
ester sucrose. 

40 12. A method according to any one of claims 1 to 11 , wherein the lower acyl ester saccharide is sucrose with 
eight ester groups of the general formula -OOCR, where R is an aliphatic group containing from 1 to 6 
carbon atoms, and the fatty acid lower alkyl ester is selected from the group consisting of methyl stearate, 
methyl oleate, methyl palmitate, methyl laurate, methyl linoleate, and mixtures thereof. 

45 13. A method according to claim 12, wherein the lower acyl ester saccharide is sucrose octaacetate. 

14. A method according to any one of claims 1 to 13, wherein a co-catalyst selected from the group consisting 
of alkaline earth hydrides and alkali metal hypophosphites is used in combination with the alkali metal 
alkoxide catalyst 

50 

15. A method according to claim 14, wherein the co-catalyst is calcium hydride or sodium hypophosphite. 
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> An improved method for the preparation of 
saccharide fatty acid polyesters via an inter- 
molecular transesterification reaction is pro- 
vided. A saccharide lower acyl ester (for 
example, sucrose octaacetate) is reacted with a 
fatty acid lower alkyl ester (for example, methyl 
stearate) in the presence of an alkali metal 
alkoxide catalyst to produce a saccharide fatty 
acid polyester. The reaction is earned out at 
relatively low temperatures in the absence of 
solvent. The relatively low molecular weight 
by-product ester is removed from the reaction 
mixture during the course of the reaction in 
order to drive the equilibrium transesterification 
reaction to completion. The saccharide fatty 
add polyesters are useful as fat substitutes or 
low-caJorie fats in food compositions. 
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